Vertical Fast Handoff Technique For Mobile IPv6 in Heterogeneous 4G Networks by Solouk, Vahid
  
UNIVERSITI PUTRA MALAYSIA 
 
VERTICAL FAST HANDOFF TECHNIQUE FOR MOBILE IPv6 IN 
HETEROGENEOUS 4G NETWORKS 
 
 
 
 
 
 
 
 
 
 
 
 
VAHID SOLOUK 
 
FK 2009 43 
 i 
 
VERTICAL FAST HANDOFF TECHNIQUE FOR MOBILE IPv6 IN 
HETEROGENEOUS 4G NETWORKS 
 
 
 
 
 
 
By 
VAHID SOLOUK 
 
 
 
 
 
Thesis Submitted to the School of Graduate Studies, Universiti Putra Malaysia, 
in Fulfilment of the Requirement for the Degree of Doctor of Philosophy 
 
 
August 2009 
 ii 
 
DEDICATION 
 
 
 
To my dearest family,  
…for their unconditional and everlasting love and support 
To my kindest wife, Ayda, and my sweetest son, Ilkin 
…in all love, humility, and gratitude 
 
 
 
 
 
 
  
 iii 
 
ABSTRACT 
Abstract of thesis presented to the Senate of Universiti Putra Malaysia in 
fulfilment of the requirement for the degree of Doctor of Philosophy 
VERTICAL FAST HANDOFF TECHNIQUE FOR MOBILE IPv6 IN 
HETEROGENEOUS 4G NETWORKS 
By 
VAHID SOLOUK 
August 2009 
 
Chairman: Professor Borhanuddin Mohd Ali, PhD 
Faculty: Engineering 
 
Over the recent years, mobility in wireless communications has become a big 
interest of communication and network researches due to the rising demand on 
and expectations of wireless Internet access. However, since none of the existing 
wireless technologies can individually fulfill all the tasks arising from the 
Internet users’ demands, the integration or coexistence of different 
communication systems having different network characteristics is inevitable. 
This integration on the other hand, requires seamless inter-system mobility 
solutions. Every inter-system roaming which leads to vertical handoff requires 
proper interaction of both link and IP layers, since network point of attachment 
as well as the device interface are involved in handoff. Many investigations in 
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standardization are being made to finally design and implement each of these 
communication layers. This thesis details out the whole research, which is done 
in two main components. As for the first component, a link layer mechanism 
with the notion of a selection algorithm based on weighted mean is primarily 
introduced for collecting link layer information and discovering the candidate 
access router. This mechanism is then used as handoff decision phase with an 
improved mobile-assisted handoff method as an extension of Fast Mobile IPv6 
Handoff (FMIPv6) in vertical mode. The performance of the proposed methods 
is discussed using analysis and comparison of simulation results with well-
known methods in the field. The method has been shown to achieve 
performance improvements in terms of higher preference level of selection for 
various cases, and in terms of latency and packet loss, by 45% and 83% 
respectively, while maintaining comparatively lower buffer sizes. As the second 
component, a framework is proposed to incorporate an integration mode of 
cellular and wireless networks called semi tightly-coupled. This framework is 
further used to design and implement an end-to-end roaming solution as 
Vertical Fast Handoff (VFHO) for the integrated network. The performance of 
the proposed framework has been analyzed mathematically and through 
simulations which show the robustness of VFHO in terms of signaling cost, end-
to-end packet delivery cost, overall handoff latency, and packet loss based on 
various system variables. Under several simulations, the number of lost packets 
encountered by VFHO stayed as low as 20 packets when the arrival rate was a 
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maximum of 50 packets per second, and did not exceed 10 packets in the case 
when packet sizes was at a maximum of 256 Bytes or when buffer size was set to 
50 KB.  Besides, the delay varied between 200 and 600 ms in cases when the 
Duplicate Address Detection (DAD) and wireless link delays reached up to 600 
ms and 70 ms, respectively. In conclusion, the selection-based decision 
mechanism in vertical handoff such as VFHO, can be good for congestion 
control, and achieve long-term objectives such as load sharing. 
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ABSTRAK 
Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia 
sebagai memenuhi keperluan untuk ijazah Doktor Falsafa 
 
TEKNIK PENYERAHAN PANTAS MENEGAK UNTUK IPV6 BERGERAK 
DALAM RANGKAIAN PELBAGAI JENIS 4G 
 
Oleh 
VAHID SOLOUK 
Ogos 2009 
 
Pengerusi: Profesor Borhanuddin Mohd Ali, PhD 
Fakulti: Kejuruteraan 
 
Semenjak kebelakangan ini, kebolehgerakan dalam komunikasi tanpa wayar 
telah menarik minat dalam penyelidikan komunikasi dan rangkaian; ini adalah 
disebabkan permintaan dan harapan yang meningkat dari pencapaian tanpa 
wayar berinternet. Walau bagaimanapun, oleh kerana tiada satu pun di antara 
teknologi tersebut mampu dengan sendirinya untuk memenuhi kesemua 
tugasan yang lahir dari permintaan pengguna Internet, penggabungan atau 
kewujudan bersama di kalangan sistem sistem komunikasi yang pelbagai yang 
mempunyai pelbagai ciri rangkaian, adalah tidak dapat dielakkan. Sebaliknya, 
pengintegrasian memerlukan penyelesaian pergerakan antara-sistem yang tak 
berklim.  Setiap perayauan antara-sistem yang menjurus kepada penyerahan 
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menegak memerlukan interaksi yang sempurna untuk kedua dua lapisan 
pautan dan IP, oleh kerana titik penyambungan rangkaian dan juga 
pengantaramuka peranti adalah terlibat dalam penyerahan.  Beberapa banyak 
kajian dalam piawaian sedang dibuat untuk akhirnya merekabentuk dan 
melaksanakan setiap lapisan komunikasi ini. Tesis ini mendetilkan keseluruhan 
penyelidikan ini, dan ia dilakukan dalam dua komponen utama. Untuk 
komponen pertama, suatu mekanisme lapisan pautan dengan tanggapan satu 
algoritma pemilihan berasaskan min pemberat adalah diperkenalkan untuk 
memungut maklumat lapisan pautan dan menemui penhala capaian calon. 
Mekanisme ini kemudian digunakan sebagai fasa keputusan penyerahan 
dengan kaedah penyerahan telefon bimbit-dibantu sebagai tambahan kepada 
Penyerahan Telefon-bergerak IPv6 Pantas (FMIPv6). Prestasi kaedah kaedah 
cadangan adalah dibincangkan menggunakan analisis dan bandingan hasil 
keputusan simulasi dengan kaedah yang terkenal dalam bidang ini. Kaedah ini 
telah menunjukkan bahawa ia telah mencapai penambahbaikan prestasi dalam 
bentuk pemilihan yang mempunyai tahap keutamaan yang lebih tinggi untuk 
beberap kes, dan dalam bentuk lengah dan kehilangan paket, dengan 45% dan 
83% masing masing, sambil mengekalkan saiz penimbal yang lebih kecil. 
Sebagai komponen kedua, satu kerangka adalah dicadangkan untuk 
memasukkan model integrasi rangkaian bersel dan tanpa wayer dinamakan 
gabungan-ketat separa.  Kerangka ini seterusnya digunakan untuk mereka dan 
melaksanakan satu penyelesaian perantauan hujung-ke-hujung sebagai 
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Penyerahan Pantas Menegak untuk rangkaian bergabung. Prestasi kerangka 
yang dicadangkan ini telah dianalisis secara matematik dan melalui simulasi 
yang menunjukkan ketahanan VFHO dalam bentuk kos pengisyaratan, kos 
penghantaran paket hujung-ke-hujung, lengah serahan menyeluruh, dan 
kehilangan paket berdasarkan beberapa pembolehubah sistem. Dalam beberapa 
simulasi, bilangan paket hilang yang dihadapi oleh VFHO tetap rendah 
sehingga 20 paket apabila kadar ketibaan adalah pada maksimum 50 paket 
sesaat, dan tidak melebihi 10 paket dalam kes di mana saiz paket adalah pada 
peringkat maksmum 256 Bait atau saiz penimbal disetkan kepada 50KB.  Selain 
dari itu, lengahnya berubah ubah di antara 200 dan 600ms dalam kes di mana 
Pengesanan Alamat Pendua (Duplicate Address Detection (DAD)) dan lengah 
pautan tanpa wayer mencapai sehingga 600ms dan 70ms, masing masing. 
Sebagai penutup, mekanisme keputusan berasaskan pemilihan dalam serahan 
menegak seperti VFHO, adalah baik untuk kawalan kesesakan, dan mencapai 
objektif jangka-panjang seperti perkongsian beban.  
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TERMINOLOGY 
Potential AR: Refers to all available ARs in the neighborhood of the AR 
reported by MN. Potential ARs are identified based on their local area ID 
(LAID). 
Nominated AR: Each AR with the top three value of MW is shortlisted and 
named as nominated AR. 
Prospective AR: Any AR that is detected by the MN and reported to the 
previous Access Router (pAR) is called prospective AR. 
Candidate AR: The AR that is selected from the list of nominee ARs as the MN’s 
next point of attachment. 
Case: During each phase of experiments, the protocols are studied in the 
presence of each traffic class as a separate case.  
Scenario: As defined in the context, a scenario is referred to a phase of 
experiments where various cases with similar system parameters are 
investigated. 
Distinguishing level: Defined as the difference between the best and the worst 
values of weighted mean (MW) obtained for each AR. 
 
